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1. Introductio

 Long history of developments & operations, since ca. 1950
— More than 20 SFRs in the world
— ca. 400 reactor-years operation experience

« SFRreactor & related fuel cycle technology
— Technically Matured

« Promising concept meets to:
— Harmonization of efficient utilization of Uranium and reduction of
environmental burden by Minor Actinide burning
 Further investigations needed in near future

— For global utilization : Rational & Enhanced Safety Features
especially against Core Disruptive Accident issues

— For commercialization: Improvement of Economics
Enhancement for plant reliability - sodium handling
Innovative technologies for plant system to be competitiveness to
LWRs & other power resources
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1. Introduction; Effec

:“ In the LWR once-through case, the total conventional uranium resources of cal7 )
million tons will be exhausted by the end of 215t century

. Fast Reactors have to be introduced by 2040 or 2050 at the latest, to prevent
kuranium resources from being exhausted
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1. Introduction; Red

o N . . .
- Recycling minor actinides in FR cycle enables us to reduce the
potential harmfulness and environmental burdens caused by high-
~level radioactive waste.
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* Barriers between high-level radioactive waste and humans are not congidered, and the harmfulness indicated is the potential harmfulness of high-
level radicactive waste, not its actual harmfulness. It is a relative value, with the potential effect of spent fuel in the first year of disposzal being 1.

Harmfulness of high-level radioactive waste (spent fuel and vitrified waste
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2. Key Characteris

 Advantages;

— Sodium Heat-transport Characteristics

 High Core Power Density
o Efficient Natural Circulation Capability

— Large Thermal Inertia & Margin until boiling
e Long Grace-period during anticipated transient/accident

— Low Pressure System

* Inherent Retention Capability to maintain reactor coolant by
guard vesselsé&pipes
A No Loss-Of-Coolant-Accident (LOCA)

— No-Oxidation Condition
 Well coexistence with structural materials
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2. Key Characteris

-‘éhallenges

— Chemical activity

e Sodium Fire, Sodium-Water Reaction

A Design accommodation is achieved not connecting to the reactor
safety, e.g., inert structure or guard vessel, secondary loop

— CDA Issues

* Positive void reactivity may lead to exceeding super
prompt criticality and causing energetics

« Non-maximized core configuration may lead to
energetics by the compaction of molten fuel pool

A Design accommodation is required both to prevent occurrence of
CDA and mitigate CDA consequences
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3. Development

e%_e~ ) Safety and Reliability
- SR1 Ensuring safety equal to future LWR and related fuel cycle facilities
SR2 Ensuring reliability equal to future LWR and related fuel cycle facilities

Sustainability

Environment Protection

ER1 Radioactive influence through normal operation no more than future LWR cycle

ER2 Emission control of environment transfer substances which can restrict in safety limits
Waste Management

WM-1 Reduction of an amount of radioactive waste compared with future LWR cycle

WM-2 Improvement of waste manageability equal to or more than future LWR cycle

WM-3 Reduction of radioxicity compared with future LWR cycle

Efficient Utilization of Nuclear Fuel Resources

UR1 Breeding performance to enable transition to fast reactor, and its flexibility
Economic Competitiveness

EC1 Electric generation cost which can compete with other power plants

EC2 Investment risks no more than future LWR cycle

EGC3 External costs no more than future LWR cycle
Nuclear NorProliferation

NP1 Adoption of institutional measures and application of technical features which can

enhance nosproliferation
NP2 System design of physical protection and its development to prevent theft of nuclear

materials and sabotage
85t ReatiorCyele rechnolegy Development Project
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B Safety design and evaluation shall be carried out based on
NnDef ein-Be p tpnnciple

B Safety Enhancement shall be achieved taking account of safety
characteristics of SFR with emphasis on Inherent/Passive safety

B System Design shall be carried out for Design Basis Events
(DBESs) with emphasis on less impacts on the plant system by
early termination and prevention capability against Core
Disruptive Accidents(CDA)

B Design accommodation for the Design Extension Condition
(DEC) shall be achieved from the view of both prevention and
CDA mitigation

E Eventually, needs for offsite emergency response shall be
eliminated with emphasis on In-Vessel Retention(IVR)
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Safety of Nuclear Power Plants: Design
(IAEA Safety Standard Series, DS414 [rev. NS-R-1])

S
Currently being revised

Plant states defined by IAEA

Operational states Accident conditions
Normal Anticipated operation occurrences Design basis accidents Design extension
operation (Abnormal transients) (DBAS) conditions (DECs)

Level of defense of depth (DiD) and plant states

Level of DID* | Objectives of defense in depth (DiD)* Event category ( Design
; : ; . basis
Level 1 Prevention of abnormal operation and failures Normal operatlon\—\
Level 2 Control of abnormal operation and detection of failures e abnormal transients
S
Level 3 Control of accidents within the design basis Accidents

Control of severe plant conditions, including prevention
Level 4 of accident progression and mitigation of the DECs
consequences of severe accidents

Design
extension

Mitigation of radiological consequences of significant

) . . Offsite emergency response
releases of radioactive materials 9 y P

Level 5

Ref.) DS414 (2010), *INSAG-10, IAEA (1996).
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5. JSFR Design Conc

oV o

=1 A System design for JSFR has been well in progress
A Innovative technologies has been also developed to adopt into the system

Innovative materials to reduce
the operational cost

*ODS cladding to achieve high
burn-up with elevated temperature

J

-
Innovative technologies to
reduce plant materials and

reactor building volume

*Two-loop cooling system

*Shortening of piping with high
chromium steel

sIntegrated IHX with primary
Pump

«Compact reactor vessel

Secondary

/Countermeasures against
chemically active sodium
L+ Double-wall piping

L+ SG with double-wall tube

L+ Design accommodation
with In-service inspection
requirements with

\

\_ innovative technologies )

Enhancement of

Reactor Vessel

.

AN

Reactor safety

~ Passive safety features both
for reactor shutdown and
decay heat removal

™~ |n-vessel retention with

recriticality free core

~

.~ -
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6. Safety Design PrnCiplENGTa SR

6~

““# Design margin for DBEs
V Two Independent reactor shutdown system
V Decay heat removal by natural circulation

B Passive safety features against ATWS as DEC
V Self Actuated Shutdown System(SASS)
V Decay heat removal by natural circulation

B Accident Management Procedures ;
V Loss of Heat Sink, Loss of Reactor Level, SG Tube Ruptures an
Sodium Leak
B In Vessel Retention by adopting re-criticality free core
V Restriction of reactor core design, i.e. sodium void worth

V Early molten fuel discharge, i.e. Fuel subassembly with inner duct
structures
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(1) Prevention of

abnormal operation

(2) Control of abnormal operation
& detection of failures
(3) Control of accidents within

6. Safety Design PrnCiplENGTa SR

(4) Control of severe plant conditions,

including prevention of accident
progression & prevention/mitigation of

& failures design basis severe accident consequences
'd A \ 'd N A
} _ _ For DBE For BDBE For BDBE
E Rational design
margin Unreliability | 102/d 104/d 10%¢/d 101 ~102%/d 102 or 103/d
E li . . :
a%sjar ;% ce [ Reactivity J Primary RSS Passive RSS Re-criticality free
) Control SASS B
E Preventive RSS [Self-Actuated
- Backup RSS .
maintenance T s - pﬁ% In-vessel debris
(Inspection, On System] cooling
line monitoring, > Coolant retention
and so on) [ Heat J By Guard Vessel & Guard Pipes @
Removal > Redundant & diverse passive operation
DHRS IVR &
[Decay-Heat [Accident Management] In-Vessel Retention

Removal System]

[Containment]

At typical CDAs
(e.g. ULOF, UTOP)

Pressure-resistant & leak-tight Containment Vessel

Against chemical potential of sodium

« Sodium leak A leak-tight guard vessel & pipes(Double Boundary)
* SG tube leak 4 double-wall tube, early detection & rapid depression of steam-water side
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___~ 6_Safety Design PHNCIPIENGIS SIS

- Self Actuated Shutdown System(SASS)

Introduction of SASS Mechanism of SASS

S ) ATWS
cram failure

Q Control rod | ;

drive mechanism |
Core outlet

| . :
Failure of CR Failure of RPSs and temperature rise
insertion de-latch mechanism ‘

o |
Robust restraint core against
seismic design requirements

and flexible joints to enhance
the insertion capability

Absorber
rod 7

Introduction of Curie point Gora
4
electromagnet SASS fuel

Sensing alloy
temperature reaching
Curie point

. 2

Passive de-touch due
to decreasing magnetic
force

. 2

Passive insertion of the
backup rods by gravity
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2 6. Safety Design RHNCIPIENOIMSIER:
- Decay Heat Removal System

 Full reliance on Natural Circulation from DBE to BDBE conditions

» Sodium inventory is ensured by the double boundary systems for the all
sodium piping and vessels

 Three DHRSs, 2PRACS+1DRACS, with sufficient removal capability is
required to ensure the high reliability

* Only non-stoppage battery is required to control the dampers

.

LTy

Air

Cooler & = fisd. Air Cooler
p .
DARS-A
No Pony Moto IEkEE f
- Exit damper
Y
 Activation  | f " Activation
~ signalA ! "._ signalB )
Inlet damper t__"’.(f’{ ______ j
| | Secondary Cooling System
Primary Cooling System

\
DRACS: Direct ReactorAuxmary Cooling System, PRACS: Primary Reactor Auxmary Cooling System 16




_ _ » 6_Safety Design PrnCI DIEHOIGISIZR
-« Re-criticality free core without energetics

Path of conventional SFR Initiation of CDA
Expansion ~ Recriticality ~ Transition Phase — Initiating Phase * ~
. - Large core | | | N g
— y _ y
No recriticality I

Early fuel discharge [\

[ No challenge on
v the containment \_

Rational Design and ]
acceptable for the public

acgeptab)

Path of future SFR

Decay Heat
Structure ) Removal Phase
Respofii B Material
Relocation Phase ———
> L
RRXL ==
I : %ﬁ
\____ J N\ /
In-vessel retention

Ea St R ycle' bechnolegy' Development Project

17



6. Safety Design RPrncCiplENOIM SR,
sl Re-criticality-Free Core Concept

Fast reactor core is not in its maximum reactivity geometry

Molten fuel compaction == recriticality, but 20~30% fuel discharge
== N0 Severe power burst

"~ 0
Severe accident Smaller core: ~30%
Larger core: ~20%

TARGET Scenario

Early fuel escape

large scale sloshing motion in
20 / whole core pool
>
>
()
(]
)
I 7, 10 L
. | S
Compactive motion m ]
no'‘power burst
' 0 | | | |
Recriticality & 10% 20% 30% 40%

Escape fraction of the fuel inventory [%
No severe power power burst p y [%]
burst FASL ReatDICY




6. Safety Desia

REeinglofe for JSER

Designh measures are necessary for each accident phase to
establish re-criticality free core and in-vessel retention

Accident phases

Design Measures
CABRI exp.+ SAS4A cal.

Prevent prompt

(1) Initiating Phase

¥

criticality due to
coolant boiling

Positive sodium void
worth : less than 6%
.Core height : around 1m
and less

Average fuel specific
heat : greater than
40kW/kg-fuel

(2) Transition Phase

¥

Prevent severe re-
criticality due to large
molten fuel
compaction

EAGLE exp.+SIMMER cal.

. Passive fuel discharge
from the core region by
S/A with inner duct)

(3) Material
relocation and
Decay Heat
Removal Phase

Ensure stable long-
term cooling for
debris

EAGLE exp.+ CFD code

88t ReatioCYele Fechnolegy Development Project
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lolsfor JSIER

1000 —— — 10
100 ¢ 10
Fuel pinsto be —~ g 1
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- 2 10} 108
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,,,,,,,,,,, Q i ] Q
IGR o i ] <
driver -% 1 1-20< .
s | | B
o i ]
0.1 ; | 1-30
_ : : . R ;
Simulated 5 SAS4AISIMMER-III: ,
sodium plenum RS 1 1 S-S S S SS—a—— v | §
5 -5 0 5 10 15

EAGLE Project .
Experimental study on SA designs
enhancing fuel discharge
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DBE, BDBE and Site evaluation events
- Reinforcement of passive safety features and
IVR with re-criticality free core

JSFR

Demonstration

k J

Scheduled operation by 2025
Commercializatio Power: 1785MWt / 750MWe(not yet decided), Temperatur50°C
' Innovative Technologies for Safety Enhancement
l DBE, BDBE and Site evaluation events I
DFBR | - Passive shutdown system in BDBE and |
Design forl accommodation with CDA energetics
Demonstration! Performed during the 1990s

Power :1,600MWt/ 660MWe, Temperature : 550°C
., DBE, BDBE and Site evaluation events
| - Mechanistic approach and design
accommodation with CDA energetics

Initial Criticality in 1994
Power :714MWt/ 280MWe, Temperature : 529°C

Monju
Prototype

Joyo. , DBE and Site evaluation events
Expen - CDA evaluation as a Bethe-Tait event
mental Initial Criticality in 1977

Power :50MWt A 100MWt A 140MWt (Mk-IIl Core)
Temperature : 435°C A 500°C A 500°C
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7. Divection of Séa

< Design Requirement
- After the Earthguake on March. 11th-

B Design Reinforcements against External Events of Natural

Hazards
V Renewed seismic design conditions including Tsunami height
V Design Margin for other phenomenéyphoon, Flooding,
Freezing, Snow, Landslide and so on

B Design enhancement against Severe Accident(SA)

initiators
V Assurance of passive safety features during SA conditions
V Investigation on various and diverse SA management
procedures against Loss of Heat Removal System(LOHRS)
scenario
V Improvement of CDA event sequences analyses developed

from LOHRS with taking account of appropriate procedures
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\ 4 2 8. Concluding Remarks,
W Japanese FRs are stepping up from Joyo, Monju to
demonstration JSFR
w The FR goals have been enhanced
V High level of safety as the future nuclear energy systen
V Competitive with future LWR and other future energy s
ces
W Feasibility study from 1999 to 2005 showed that JSFR
concept could achieve enhanced goals and requirements
W Monju is planned to start 40% power operation in JFY 2011
w FaCT Phase-l has been accomplished as planned, i.e.,
selection of the innovative technologies and drawing the
development plan for the demonstration JSFR
W Lessons learnt from the Fukushima #1 Nuclear Power Pant
Accidents will reflect into the JSFR design study
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